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SUMMARY 

The invest igat ion of an advanced-temperature, NASA nickel-base a l loy  having 
a nominal composition i n  weight percent of 8 tantalum, 6 aluminum, 6 chromium, 
4 molybdenum, 4 tungsten, 2.5 vanadium, 1 zirconium, 0.125 carbon, and balance 
nickel  w a s  continued. This a l loy  appears t o  have considerable poten t ia l  f o r  var- 
ious aerospace applications.  

The average ult imate t e n s i l e  s t rength of t he  as-forged a l loy  ranged from 
This compares with 158,000 p s i  a t  room temperature t o  18,000 p s i  a t  2100° F. 

135,000 and 34,000 psi, respectively, for the  as-cast alloy. Stress-rupture data 
obtained up t o  2100° F at 15,000 p s i  indicate  average rupture l i v e s  f o r  the  as- 
cas t  a l loy  of 1000, 100, and 10 hours a t  1817O, 19150, and 2015O F, respectively.  
Impact t e s t s  provided evidence of a l loy  duc t i l i t y .  
a b i l i t y  w a s  a l so  obtained. Room-temperature forging, accomplished by unidirec- 
t i o n a l  forging techniques, readi ly  f l a t t ened  1/2-inch diameter, as-cast bars, and 
thickness reductions of 50 percent were consis tent ly  obtained. 

Additional evidence of work- 

I n  oxidation t e s t s  a t  1900' F, r e l a t ive ly  low oxidation r a t e s  were obtained, 
although spal l ing of t h e  oxide scale w a s  observed upon cooling through the  800° 
t o  600° F range. 
2.9 and 6.5 m i l l i g r a m s  per square centimeter a f t e r  50 and 200 hours exposure, re- 
spectively. These a re  not excessive oxidation rates ,  par t icu lar ly  f o r  short-time 
applications; however, spa l l ing  m a y  pose a problem i n  applications where frequent 
temperature cycling occurs. 

The weight gain per uni t  surface area f o r  t he  NASA a l loy  w a s  

INTRODUCTION 

The demand f o r  higher performance turbines  i n  a i r c r a f t  engines and i n  the  
turbopump components of rocket engines, as well  as the  continued need f o r  im- 
proved high-temperature metals i n  many s t ruc tu ra l  applications, has in t ens i f i ed  
research e f fo r t s  devoted t o  alloy development. 
affords considerable promise f o r  achieving materials with improved, elevated- 
temperature propert ies  f o r  the applications ci ted.  A s  a class,  these a l loys  have 
excellent s t rength up t o  approximately 1800O F and have generally good oxidation 
and impact res is tance.  

Research with nickel-base alloys 



A continuing program ex i s t s  a t  t he  Lewis Research Center t o  provide alloys 
with improved high-temperature strength and d u c t i l i t y  t h a t  a l so  have sa t i s fac tory  
oxidation resis tance.  To date, a ser ies  of nickel-base a l loys  has been developed 
as a r e s u l t  of t h i s  program; t h i s  ser ies  i s  f u l l y  described i n  references 1 t o  4. 
I n  simary, the  nominal composition of t he  basic  NASA a l loy  w a s  ( i n  weight per- 
cent)  8 molybdenum, 6 chromium, 6 aluminum, 1 zirconium, and the  balance nickel. 
The bas ic  a l loy  w a s  e s sen t i a l ly  a cast mater ia l  and w a s  generally l imited t o  a 
use temperature of 1800° F f o r  reasonably long-time, high-stress applications.  

Modifying the  composition of the bas ic  a l loy  resu l ted  i n  substant ia l  in- 
creases i n  use temperature, high-temperature strength, and duc t i l i t y .  One of t h e  
f i rs t  s igni f icant  improvements i n  high-temperature strength w a s  obtained by means 
of a titanium and carbon modification of the  basic a l loy  (ref. 1). 
a l so  performed quite well as a turbine-bucket material  ( r e f s .  2 and 5) i n  a tur- 
boje t  engine a t  a temperature of 1650° F. 
temperature s t rength and impact resistance were obtained with a tungsten, vana- 
dium, and carbon modification of the  basic a l loy  ( r e f .  3) .  The improved impact 
res is tance over the  e a r l i e r  a l loys i n  t h i s  ser ies ,  as well  as m a n y  commercial 
cas t  nickel-base alloys,  was encouraging because it indicated increased duc t i l -  
i ty.  Finally,  making tantalum alloying addi t ions t o  the  tungsten, vanadium, car- 
bon modification of the basic  alloy, resul ted i n  subs tan t ia l  increases i n  both 
high-temperature s t rength and duc t i l i t y  ( r e f .  4). The use temperature of th i s  
a l loy  f o r  long-time, high-stress applications w a s  1900° F, and i t s  d u c t i l i t y  w a s  
such a s  t o  permit l imited cold forging of 3/4-inch as-cast bars without cracking. 

This a l loy  

Additional increases i n  high- 

Other invest igators  have developed cas t  nickel-base al loys with good high- 
temperature stress-rupture properties.  Among the strongest and most common of 
these a re  Nicrotung and Inconel 713C. More recent developments include IN 100 
and TRW 1800 ( r e f .  6), which compare closely with the tantalum-modified NASA al- 
loy  i n  high-temperature strength. All these a l loys  have a considerable poten t ia l  
f o r  aerospace applications,  i n  which castings can be used, pa r t i cu la r ly  space- 
vehicle s t ruc tu ra l  members and turbojet-engine buckets. A t  t he  same t i m e ,  
nickel-base al loys w i t h  adequate workability a re  a l so  much i n  demand for other 
aerospace applications,  such as outer  panels of reentry vehicles.  For example, 
the A i r  Force has recent ly  sponsored a program t o  produce a nickel-base a l loy  
sheet with optimum high-temperature properties ( r e f s .  7 t o  10). The tantalum 
modified a l loy  of t h i s  report  w a s  included among the  nickel-base a l loys  studied 
i n  the  A i r  Force sponsored investigation. Thus far, cas t  sheets of t h i s  a l loy  
approximately 0.100 inch th ick  have been ro l l ed  t o  thicknesses of 0.015 inch 
( r e f .  9) .  

On the bas is  of e a r l i e r  work done a t  Lewis ( r e f .  4) and by others ( r e f s .  
7 t o  lo), it appears t h a t  the tantalum modified NASA a l loy  has considerable po- 
t e n t i a l  for aerospace applications t h a t  require workability as well  as high- 
temperature strength. The present investigation w a s  conducted t o  determine more 
ful ly  the  propert ies  of t h i s  alloy i n  order t o  provide an addi t ional  bas i s  f o r  
evaluating i t s  poten t ia l  for various aerospace applications.  The a l loy  w a s  in- 
vest igated t o  (1) extend as-cast short-time and long-time s t rength data  t o  higher 
temperature levels ,  ( 2 )  ob ta in  as-cast impact res is tance data, (3 )  determine as- 
wrought t e n s i l e  properties, and (4 )  obtain elevated-temperature oxidation- 
res is tance data. Both t e n s i l e  and stress-rupture data were obtained up t o  
2100' F. Oxidation t e s t s  were run at 1900' F. Wrought t e n s i l e  t e s t  bars were 
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made by forging. 
frequency induction heating under an argon blanket, and investment casting tech- 
niques were employed. 

A s  i n  the  previous investigations,  melts were made by high- 

MATERIAL, APPARATUS, AND PROCEDURE 

Alloy Investigated 

The a l loy  studied i n  t h i s  invest igat ion had a nominal composition ( i n  weight 
percent) of 8 tantalum, 6 chromium, 6 aluminum, 4 molybdenum, 4 tungsten, 2 .5  va- 
nadium, 1 zirconium, 0.125 carbon, and the  balance nickel. In  the  nomenclature 
of reference 3, t h i s  a l loy  i s  designated herein as Mo-4-W + 8Ta + 2.5V f 0.125C. 

Table I l i s t s  the  nominal composition of t h i s  alloy, as well  as chemical 
analyses of t yp ica l  heats. The analyses were conducted by an independent labo- 
ratory.  Considerable var ia t ion  i n  zirconium content occurred. A s  i n  e a r l i e r  
invest igat ions ( r e f s .  1 t o  4), great  care w a s  exercised i n  maintaining qua l i ty  
control of castings i n  order t o  obtain the  desired 1 percent of zirconium. Un- 
avoidable var ia t ions  i n  melting time (average exposure time, 20 min), however, 
t h a t  would a f f ec t  the  amount of zirconium picked up from the  crucible occurred 
occasionally. Stabi l ized zirconia crucibles, from the  same supplier as those 
used i n  the  previously reported investigations,  were used. 

The alloying const i tuents  were commercially pure materials with the  follow- 
ing compositions: nickel, 99.95'; e l ec t ro ly t i c  chromium, 99.5+; molybdenum, 
99. dr; 1100 aluminum, 99.0'; vanadium, 99.8'; tungsten, 99.9'; tantalum, 99.8'; 
and carbon, 9 9 . 9 .  

Casting Techniques 

The casting techniques employed were s imilar  t o  those described i n  d e t a i l  
i n  references 1 and 3. A br ie f  descr ipt ion of the  major aspects of the  casting 
procedure i s  given i n  the  following paragraphs. A 50-kilowatt, 10,000-cycle - 
per-second, water-cooled induction unit  was used fo r  melting. 
made i n  s t ab i l i zed  zirconia crucibles under an i n e r t  gas (commercially pure ar- 
gon) blanket. The average exposure time between melt and crucible  w a s  20 min- 
utes.  This time w a s  determined from a se r i e s  of experimental melts and i s  a 
function of a var ie ty  of fac tors  t h a t  include melt size,  melting consti tuents,  
crucible material ,  and induction uni t  charac te r i s t ics .  Vanadium and carbon ad- 
d i t i ves  were made i n  the  form of powders or granules t h a t  previously had been 
compressed inside aluminum-foil containers. Other element addi t ives  were i n  the  
form of roundelles, rods, p l a t e l e t s ,  or chips. The order of addition of alloying 
metals w a s  similar t o  t h a t  described i n  reference 3 and i s  as follows: carbon, 
vanadium, and nickel  were f i r s t  melted together; then tungsten, tantalum, chro- 
mium, and molybdenum were added, followed by aluminum jus t  p r io r  t o  pouring. 
Pouring temperature, determined by opt ica l  pyrometer measurements on a l l  heats  
and checked by an immersion thermocouple i n  randomly chosen heats, was  
315Oo+5O0 F. 
inert-gas-blanket coverage maintained during melting and were permitted t o  cool 
slowly (overnight) t o  room temperature before the  investment w a s  removed. 

A l l  melts were 

All melts were top poured in to  1600° F investment molds without t he  
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e l a s t i c  port ion of the  t e s t .  
p l i ca t ion  of 1200 pounds per minute f o r  the  as-cast specimens and 500 pounds per 
minute f o r  the  as-forged specimens. 

This r a t e  corresponds approximately t o  a load ap- 

Stress-rupture t e s t s  were made with the  as-cast a l loy  a t  15,000 p s i  up t o  
21000 F. Table I11 summarizes a l l  the  stress-rupture t e s t  data. A min imum of 
th ree  and a m a x i m u m  of f i v e  runs were made a t  each t e s t  temperature t o  determine 
stress-rupture properties.  

Impact t e s t s . -  Impact res is tance data were obtained with the  cas t  8-percent- 
tantalum-modified a l loy  (Mo-4-W + 8Ta + 2.5V + 0.125C), an e a r l i e r  cas t  NASA al- 
loy (MO-4-W + 2.5V + 0.125C), and two representative commercial nickel-base al- 
loys, Nicrotung ( c a s t )  and Re& 41 (wrought). Both Izod and Charpy impact t e s t s  
were made. Unnotched impact bars  were used i n  a l l  t e s t s .  Izod t e s t s  were made 
with a Bel l  Telephone Laboratory Impact Tester, which i s  f u l l y  described i n  re f -  

erence 11. Test specimens t h a t  measured 3/16 by 3/16 by 1- inches were mounted 

i n  a v e r t i c a l  posi t ion and gripped at one end by a vise. The tes t  bars  were in- 
ser ted i n  the vise  t o  a depth of 1/2 inch, and the point of impact of the  s t r ik -  
ing pendulum w a s  1/8 inch from the  f r ee  end of the bar. Total capacity of t h e  
un i t  w a s  62.5 inch-pounds. Charpy impact t e s t s  were made on a standard Charpy 
impact t e s t e r .  Impact specimens, which measured 0.395 by 0.395 by 2.25 inches, 
were inser ted  i n  the  t e s t e r  i n  a horizontal  posit ion and were supported at  both 
ends. The point of impact of the  s t r ik ing  pendulum w a s  t he  center of the  bar. 
The t e s t e r  had a t o t a l  capacity of 220 foot-pounds. 

1 
2 

Hardness determinations. - Hardness data  were obtained with a Rockwell hard- 
ness t e s t e r  f o r  the  8-percent-tantalum-modified alloy i n  the  as-cast and as- 
forged conditions. 
as-cast  and as-forged forging bars. 

Samples used f o r  hardness t e s t s  were 1/4-inch s labs  cut from 

Oxidation t e s t s .  - A large (approximately 20 cu f t )  resistance-wound hearth- 
type furnace w a s  used f o r  the oxidation t e s t s .  Oxidation specimens, which were 
ground cylinders 0.225 inch i n  diameter by 0.875 inch i n  length, were suspended 
from aluminum oxide rods inser ted i n  an Inconel support placed i n  the  furnace. 
The specimens were suspended from the  ceramic rods by means of platinum wires 
spot-welded t o  the specimen ends. Furnace a i r  temperature w a s  maintained a t  
1900° F. 
t inuously f o r  the  duration of the t e s t .  Alloys Mo-4-W + 8Ta + 2.5V f 0.125C, 
Nicrotung, and Rene' 41 were t e s t ed  simultaneously. The Nicrotung and Re& 41 
were obtained from commercial suppliers. Specimens were weighed p r io r  t o  inser- 
t i o n  in to  the furnace both with and without the platinum wire attached. One 
specimen of each a l loy  w a s  removed f romthe  furnace a f t e r  50, 100, and 200 hours. 
I n  order  t o  elimtnate the  poss ib i l i t y  of loss of spal led material, t he  specimens 
were immediately put i n to  separate glass  containers q o n  removal from the  fur- 
nace. 
r i a l  t o  determine t o t a l  weight gain. 

A recording potentiometer w a s  used t o  monitor furnace temperature con- 

After cooling, each specimen w a s  weighed together with any spal led mate- 

Ivletallographic studies. - Metallographic s tudies  were made of the a l loy  i n  
both the as-cast  and as-forged conditions and a f t e r  oxidation t e s t s .  
graphs (magnification, 3 )  as wel l  as phstomicrographs a t  magnifications of 250 
and 750 are  presented. 

Macrophoto- 
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RESULTS AND DISCUSSION 

Tensile Data 

Tensile-test  data  a re  summasized i n  t a b l e  11. Ultimate t e n s i l e  s t rength and 
percent elongation were obtained f o r  a l loy Mo-4-W + 8Ta + 2.5V + 0.125C at room 
temperature, 1800°, 1900°, 2000°, and 2100° F i n  both the  as-cast and t h e  as- 
forged (50-percent reduction i n  thickness) conditions. 
the  average ult imate t e n s i l e  s t rength and percent elongation as a function of 
temperature f o r  the as-cast a l loy  and the as-forged al loy.  The t rend  pa t t e rn  f o r  
the  as-forged-alloy curves i s  almost the same as t h a t  f o r  the as-cast-alloy 
curves. Room-temperature ultimate t ens i l e  s t rength w a s  increased from 135,000 t o  
158,000 p s i  by forging. A t  the  higher temperatures, the  as-forged a l loy  demon- 
s t r a t e d  somewhat lower ultimate strength values than the  as-cast a l loy.  The as- 
forged a l loy  strengths were s t i l l  quite high a t  these temperatures, ranging from 
approximately 59,000 p s i  a t  18000 t o  18,000 p s i  at 2100° F, as compared with 
80,000 and 34,000 p s i  f o r  the  as-cast  alloy. A general  t rend of increasing per- 
centage elongation with increasing temperature w a s  obtained. Average elongations 
ranging from approximately 5 percent a t  room temperature t o  1 7  percent a t  21OOOF, 
were obtained with the  as-cast a l loy.  Values ranging from 2 t o  8 percent were 
obtained with the  as-forged a l loy  a t  these same temperatures. Some necking of 
the  t e s t  specimens w a s  noted; however, t h i s  w a s  not pronounced and did not ac- 
count f o r  t he  major pa r t  of the elongations observed. 

Figure 2 shows curves of 

The invest igators  of references 7 t o  10 repor t  lower ult imate t e n s i l e  
s t rengths  i n  the  as-cast condition for t he  NASA 8-percent-tantalum-modified a l l o y  
than those reported herein a t  room temperature, 2000° and 2100° F. I n  general, 
lower elongations accompanied these lower u l t i m a t e  s t rength values. Their da ta  
and t h a t  reported herein, however, coincide qui te  w e l l  at 19000 F. A t  th i s  t e m -  
perature, an average ult imate t e n s i l e  s t rength of 54,900 p s i  was  reported. Be- 
cause of spec i f ic  requirements, a d i f fe ren t  specimen configuration and a modified 
melting prac t ice  were employed by these inves t iga tors  ( r e f s .  7 t o  10). 
differences may account f o r  the  differences i n  properties.  In  t h i s  regard, it i s  
a l so  in t e re s t ing  t o  note t h a t  a vacuum m e l t  of t h i s  alloy has been made by an- 
other  vendor. Unpublished data obtained from l imi ted  t e n s i l e  and s t ress-rupture  
t e s t s  with samples from t h i s  melt agreed w e l l  with data reported herein. 

These 

Figure 3 presents bas  char t  comparisons of t h e  average ult imate t e n s i l e  
s t rength of a l loy  Mo-4-W + 8Ta + 2 . 5 V  f 0.125C with an e a r l i e r  NASA a l loy  i n  t h i s  
s e r i e s  ( r e f .  3)  and with several  of the strongest,  most recent high-temperature 
nickel-base superalloys. Comparisons are  made at both room temperature and 
1800° F ( f ig s .  3 (a )  and ( b ) ) .  
ence 1 2  and commercial data  folders .  
strengtin of the  8-percent-tantalum-modified alloy i n  the  forged condition i s  ap- 
proximately 25 percent less than t h a t  of  Re& 41 and Udimet 700. I n  the  as-cast 
condition, i t s  ult imate t e n s i l e  strength i s  s l i g h t l y  l e s s  than t h a t  of I N  100 and 
TRW 1800 (135,000 p s i  compared with 143,000 and 140,000 psi ,  respect ively) .  
1800° F, however, higher ult imate strengths were obtained with the  cas t  8- 
percent-tantalum-modified a l loy  than with a l l  the  other cas t  alloys. These d i f -  
ferences w e r e  not t o n  pr~noiimced, 80,000 wxqmed with 77,500 ELEZ 7'4, K!0 p s i  fcr 
IN 100 and TRW 1800, respectively.  In  the  as-forged condition, g rea te r  d i f fe r -  
ences i n  ult imate s t rength were observed between the  8-percent-tantalum-modif i e d  

Commercial a l loy  da ta  were obtained from refer-  
A t  room temperature, t h e  ult imate tensile 

A t  
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a l loy  and the f u l l y  wrought commercial alloys.  The comparative values were 
58,500 p s i  f o r  t he  NASA a l loy  compared with 50,000 and 40,000 p s i  f o r  Udimet 700 
and Rene' 41, respectively.  

i Stress-Rupture Data 

The r e s u l t s  of a l l  stress-rupture t e s t s  are given i n  t ab le  111. The 
15,000-psi rupture propert ies  are shown i n  f igure 4 f o r  a temperature range from 
1800° t o  2100° I?. The p lo t  in- 
dicates  t h a t  1000-, loo-, and 10-hour rupture l i v e s  can be obtained at 1 8 1 7 O ,  
1915O, and 2015O F, respectively.  It should be noted that a l l  t h e  data  shown 
were obtained with as-cast  samples. Additional increases i n  rupture l i f e  may 
possibly be obtained by su i tab le  heat treatments. Further invest igat ion t o  de- 
termine a benef ic ia l  heat treatment f o r  a specified tes t  condition would appear 
warranted f o r  those in te res ted  i n  pursuing the  development of these alloys, par- 
t i c u l a r l y  i n  view of the favorable r e s u l t s  obtained with ce r t a in  heat treatments 
employed with the  strongest t i tanium and carbon modification of t he  basic  a l loy  
( r e f .  1). 

A least-square l i n e  w a s  drawn through the  data. 

Figure 5 indicates  the  maximum temperature f o r  100-hour l i f e  at  15,000 p s i  
with a l loy  MO-4-W + 8 T a  + 2.5V + 0.125C and the same representative nickel-base 
al loys considered i n  the e a r l i e r  tensi le-s t rength comparison. Commercial a l loy  
data  were obtained from references 1 2  and 13. A 1915' F use temperature i s  in- 
dicated f o r  a l loy  Mo-4-W + 8 T a  + 2.5V + 0.125C i n  the  as-cast condition as com- 
pared with 1900° for an e a r l i e r  NASA a l loy  Mo-4-W + 2.5V + 0.i25C and f o r  I N  100. 
M a x i m u m  use temperatures f o r  t he  other a l loys  under these s t r e s s  conditions range 
from approximately 1880° F for T R W  1800 and Nicrotung t o  1740° F f o r  R e d  41. 
The l imited number of specimens available prevented obtaining data  i n  the  wrought 
condition with the  tantalum-modified NASA alloy. 

Maximum use temperature f o r  long-time service under high-stress load i s  ex- 
tremely important i n  m a n y  applications.  This i s  par t icu lar ly  t rue  i n  ce r t a in  
aerospace applications such as s t ruc tu ra l  m e m b e r s  of reentry vehicles and turbine 
buckets i n  turbine a i r c r a f t  engines. 
crease i n  operating temperature can be re f lec ted  i n  increased vehicle perform- 
ance. The NASA alloy, with i t s  high use temperature of approximately 1915O F f o r  
100-hour l i f e  a t  15,000 p s i  s t ress ,  affords  a par t icu lar ly  in te res t ing  poten t ia l  
f o r  such applications.  

In  such applications, each permissible in- 

Figure 5 i s  based on r a the r  l imi ted  data  for the  NASA alloys,  as compared 
with what m a y  be a large amount of data  f o r  the  commercial alloys.  Also, t he  
NASA a l loys  were cas t  i n  small experimental heats; i f  they a re  t o  be used i n  pro- 
duction, a cast ing procedure su i tab le  f o r  production pract ice  should be evolved. 
There i s  some indicat ion t h a t  sa t i s fac tory  production melting pract ices  can be 
evolved since, as previously indicated, l a rge r  heats of the  alloy have been cas t  
s a t i s f a c t o r i l y  i n  commercial pract ice .  

Impact Re s i stance 

Unnotched, room-temperature, impact-resistance data  are  summarized i n  ta- 
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b l e  N. 
pared with an e a r l i e r  NASA a l loy  i n  t h i s  s e r i e s  as wel l  as with Nicrotung and 
Rene' 41 (annealed condition). I n  the  Izod t e s t s ,  impact res is tances  above 
62.5 inch-pounds were obtained w i t h  a l l  t h e  a l loys  tes ted.  
w a s  broken; a l l  had an impact resistance above the  t e s t e r  capacity. 
Charpy t e s t s  with a l loy  Mo-4-W + 8Ta + 2.5V + 0.125C, an average impact r e s i s t -  
ance of 33 foot-pounds w a s  obtained. 
t h a t  obtained f o r  t he  cast  alloy Nicrotung and i s  considerably lower than the  im- 
pact res is tance of Rene' 41. 
and i t s  excel lent  impact res is tance might be expected from a completely wrought 
product i n  the  annealed condition. 

The 8-percent-tantalum-modified a l loy  i n  the  as-cast condition i s  com- 

None of t he  specimens 
I n  the  

This value compares quite favorably with 

Ren.6 41 could not be broken i n  the  Charpy t e s t e r ,  

Although it i s  impossible t o  make a broad general izat ion regarding t h e  ade- 
quacy of the  8-percent-tantalum-modified NASA a l loy  f o r  various aerospace appli- 
cations, t he  r e s u l t s  of these impact t e s t s  indicate  t h a t  i t s  impact res is tance i s  
probably adequate f o r  applications where impact res is tance i s  a c r i t i c a l  factor ,  
such as turbine-bucket applications. Ea r l i e r  Lewis invest igat ions with turbine 
buckets of various superalloys ( r e f s .  14 and 15)  indicated that sa t i s fac tory  en- 
gine operation w a s  possible with buckets made of a l loys  having a much lower im- 
pact res is tance than the  8-percent-tantalum-modified alloy. In reference 1 4  it 
i s  shown t h a t  G u y  alloy buckets demonstrated sa t i s f ac to ry  impact res is tance i n  
engine t e s t s ,  and, i n  reference 15, 5-816 + B showed s imilar  r e su l t s .  The aver- 
age Izod impact res is tances  of both these a l loys  a t  room temperature (as deter- 
mined i n  the manner described herein)  were only 1 1 . 6  and 6.6 inch-pounds f o r  G u y  
a l loy  and S-816 i- B, respect ively ( r e f .  15) .  Of course, i n  order t o  evaluate 
t h i s  or any other a l loy  ful ly  with respect t o  impact res is tance f o r  spec i f ic  
long-time, high-temperature applications, impact t e s t s  should a l so  be made a f t e r  
long-time exposure t o  high temperature. 
any) of phases t h a t  may be precipi ta ted during aging can be determined. 

I n  t h i s  way the  embrit t l ing e f f ec t  ( i f  

Hardne s s 

Hardness data  are  summarized i n  table  V. Rockwell C hardness values were 
converted t o  the  nearest  whole number from the  experimentally obtained Rockwell A 
values by using a standard conversion table.  Lis ted hardness values represent 
t he  average of approximately f ive  readings f o r  each a l loy  specimen. 
ably higher as-cast hasdness (Rockwell C, 41) w a s  obtained with the 8-percent- 
tantalum-modified a l loy  than with alloy Mo-4-W + 2.5V + 0.125C. An average Rock- 
well  C hardness of 35 w a s  obtained w i t h  t h i s  a l loy.  A hardness increase might 
be expected because of the  higher strengths obtained with the tantalum-modified 
al loy.  
achieve 50-percent-thickness reductions, average hardness w a s  increased t o  C-46. 

A consider- 

After 1/2-inch rounds of the  tantalum-modified a l loy  were so forged as  t o  

Workability 

Additional evidence of workability w a s  obtained with the  8-percent-tantalum- 
modified a l loy  by means of unidirectional forging techniques. 
tempts a t  forging t h i s  a l loy  ( r e f .  4 ) ,  techniques similar t o  those described 
herein were u t i l i zed ,  and the maximum thickness reduction obtained with as-cast  
rounds w a s  29 percent. 

In  i n i t i a l  at- 

In  the  present investigation, 1/2-inch as-cast rounds 
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were consis tent ly  f la t tened  t o  achieve thickness reductions of 50 percent without 
s ignif icant  cracking. Figure 6 i l l u s t r a t e s  a t yp ica l  bar  before and a f t e r  forg- 
ing. The microconstituents were elongated by the forging process. This i s  evi- 
dent from microphotographs t h a t  are presented i n  the  Metallographic Studies sec- 
t i o n  of t h i s  report .  Added s t rength w a s  imparted t o  the a l loy  by forging, a s  
indicated by the  substant ia l  increase i n  room-temperature t e n s i l e  strength. Al- 
though the  elevated temperature t e n s i l e  strengths of t he  as-forged a l loy  were 
lower than those of the as-cast  alloy, choice of working temperature and/or sub- 
sequent heat treatments could conceivably reduce t h i s  difference. 

Others have investigated the  workabili ty of t h i s  a l loy  ( r e f s .  7 t o  10)  by 
u t i l i z i n g  r o l l i n g  techniques. 
were obtained by ro l l ing .  Reference 9 indicates  t h a t  cast  sheets 0.100 inch 
th ick  have been ro l l ed  t o  thicknesses of 0.015 inch. It would appear from the  
r e s u l t s  described herein, as wel l  as those obtained by others, that t h i s  a l loy  
has considerable workability potent ia l .  A s  a consequence, i t s  poten t ia l  useful- 
ness f o r  aerospace applications t h a t  require formed shapes i s  considerably en- 
hanced. 

Substant ia l  reductions i n  cast  sheet thickness 

Oxidat ion Re s i  s t  mce  

The r e s u l t s  of oxidation t e s t s  at 1900° F with a l loy  Mo-4-W + 8 T a  + 2.5V + 
0.125C are  shown i n  f igure  7. Total  weight gain per un i t  surface a rea  i s  p lo t ted  
as a function of time. Data f o r  Nichrome, obtained from reference 16, are  in- 
cluded t o  provide a reference basis.  
were obtained simultaneously with two representative high-temperature commercial 
nickel-base alloys, Nicrotung and Rene' 41. The l a t t e r  a l loy  i s  generally used 
at temperatures lower than 1900° F. This i s  a desirable use temperature f o r  N i -  
crotung and the  NASA alloy, however, because of t h e i r  high s t rength a t  1900° F. 
Oxidation specimens of the commercial a l loys were obtained from material  supplied 
by vendors. A s  shown i n  f igure 7, t he  RASA al loy compares ra ther  c losely i n  oxi- 
dation r a t e  with t h a t  of Nicrotung and Rene' 41 up t o  50 hours of exposure. After 
50 hours, a weight gain of 2.9 milligrams per  square centimeter w a s  obtained with 
the  NASA a l loy  as compared with 2 . 7  and 2 . 4  milligrams per square centimeter f o r  
Nicrotung and Re& 41, respectively.  A s  exposure time was  increased beyond 
50 hours, the  difference i n  weight gain became more marked. 
weight gains of 6.5, 12.6, and 3.5 milligrams per square centimeter were obtained 
with the  NASA alloy, Nicrotung, and Rene' 41, respectively.  It should be noted 
t h a t  the  Nicrotung oxidation specimens exhibited some porosity, which w a s  not 
present i n  the  other a l loys.  
t a ined  with Nicrotung because of the  poten t ia l ly  greater  surface area exposed. 

Shown a lso  for comparison are  data  t h a t  

After 200 hours, 

This m a y  have adversely influenced the r e s u l t s  ob- 

It i s  in te res t ing  t o  note that ,  although the NASA a l loy  contains a re la -  
t i v e l y  low percent of chromium as compared with other nickel-base a l loys  ( t a -  
ble  I), i t s  oxidation r a t e  based on weight-gain t e s t s  w a s  not pa r t i cu la r ly  ex- 
cessive. It w a s  assumed i n  the design of t h i s  a l loy  t h a t  the  r e l a t ive ly  high 
percent of aluminum used i n  conjunction with the chromium present would contrib- 
ute  subs tan t ia l ly  toward providing adequate oxidation resis tance as wel l  as su- 
per ior  strength.  The effectiveness of aluminum i n  achieving improved oxidation 
resis tance with iron-base al loys i s  shown i n  the  l i t e r a t u r e  ( r e f .  1 7 ) .  Also, 
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although the NASA a l loy  contains alloying consti tuents,  such as vanadium, t h a t  
oxidize catastrophical ly  a t  temperatures near 20000 F, t he  oxidation r a t e  f o r  
t h i s  a l loy  was far from catastrophic.  
up t o  50 hours i s  s igni f icant  when considered i n  the  l i g h t  of aerospace applica- 
t i o n s  involving short  exposure t i nes .  For such uses as surface panels o r  struc- 
turalmembers of missi les  or reentry vehicles i n  which high-temperature atmo- 
spheric exposure i s  of short  duration, the  oxidation resis tance of t h i s  alloy, 
based upon these data, would appear t o  be adequate. Additional invest igat ions 
a re  required t o  determine the  e f fec t  of possible v o l a t i l e  oxides and the adequacy 
of the  a l loy  i n  applications where temperature cycling occurs. These s tudies  are  
indicated since spal l ing of t h e  oxide scale occurred i n  the  800° t o  6000 F range 
upon cooling from the  oxidation t e s t  temperature. I n  a turboje t  engine, turbine- 
i n l e t  temperature i s  varied frequently during the  course of engine operation. 
The degree of de te r iora t ion  t h a t  turbine buckets of t h i s  a l loy  might experience 
as a r e s u l t  of spa l l ing  under cycl ic  operation cannot be conclusively determined, 
however, without conducting cycl ic  temperature oxidation t e s t s  or ac tua l  engine 
t e s t s .  

I n  fact ,  i t s  r e l a t ive ly  low oxidation r a t e  

Metallographic Studies 

Macrophotographs of a l loy  Mo-4-W f 8Ta  + 2 . 5 V  + 0.125C i n  the  as-cast and 
t h e  as-forged (50 percent reduced) conditions a re  shown i n  figure 8. The den- 
d r i t i c  s t ruc ture  i n  a typ ica l  as-cast b a r  i s  evident i n  f igure 8 ( a ) .  The extent 
t o  which t h i s  s t ructure  has been affected by forging i s  shown i n  f igure  8 ( b ) .  
Deformation of the  dendri t ic  pa t te rn  was achieved although its presence i s  s t i l l  
readi ly  apparent. Grain boundaries a re  a l so  evident i n  the as-cast and as-forged 
samples . 

Photomicrographs of the  a l loy  at  x250 and x750 i n  the  as-cast and as-forged 
conditions are  shown i n  f igure  9. The as-cast alloy contains minor const i tuents  
randomly dispersed throughout the matrix t h a t  are  probably of the  gamma prime in- 
t e rme ta l l i c  compound type. Electron micrograph s tudies  indicate t h a t  the  l a rge r  
massive p a r t i c l e s  (white phase) were also of t h i s  type. What may be a eu tec t ic  
formation occurs adjacent t o  some of these la rge  white phases. A few carbides 
a re  sca t te red  throughout the  matrix. These were evidenced by l u s t e r  and by mi-  
crohardne s s indent a t  i ons . Ele c t ron- d i f f rac t ion  and e l e  c t ron- probe s t udi e s have 
indicated the  presence of tantalum carbides, as wel l  as the  gamma-prime-type in- 
te rmeta l l ic  compound phase, which, i n  t h i s  alloy, consis ts  primarily of nickel, 
aluminum, and tantalum. Figure 9(b) shows the changes i n  microstructure brought 
about by forging. The microconstituents have evidently been elongated by the  
working process. 
become realined. There i s  some evidence of cracking of the  b r i t t l e  carbides. 

Re& 41, a f t e r  a 200-hour oxidation t e s t  a t  1900° F, are shown i n  f igure 10. 
Each a l loy  displays an external  oxide scale, a depletion zone, and a r e l a t ive ly  
unaffected zone. The oxidized samples of the  NASA a l loy  and Nicrotung are quite 
s imilar .  The NASA a l loy  and Nicrotung ( f i g s .  l O ( a )  and ( c ) )  do not display as 
cofitinuous and t i g h t l y  adherent an external scale as Re& 41  ( f i g .  10(b)). I n  
the  NASA a l loy  t h i s  i s  probably due t o  t h e  spall ing,  which was observed during 
cooling of t he  oxidation specimens from the  t e s t  temperature through the  800° t o  
6000 F temperature range. 

The large white phase p a r t i c l e s  appear t o  have agglomerated and 

The microstri.icti.res of alloy Mo-4-W + 8Ta + 2:  5V + 0.125C, l\Ticrotl;n,g, ana 

The depletion zones, adjacent t o  the  exposed surface 
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of the  NASA a l loy  and Nicrotung, are  somewhat narrower than t h a t  of Re& 41. For 
applications i n  which t h i n  sections a re  required, depletion of alloying const i t -  
uents from a material  i n  the  region adjacent t o  the  exposed surface can be de t r i -  
mental insofar  as s t ruc tu ra l  i n t e g r i t y  of the  par t  i s  concerned. The r e l a t ive ly  
narrow depletion zone observed i n  the  NASA a l loy  a f t e r  200 hours exposure at  
1900' F indicates  t h a t  depletion of alloying consti tuents may not be a severe 
problem with t h i n  sections of t h i s  a l loy  operated up t o  a 1900° F temperature. 
I n  a r e l a t ive ly  th ick  section, such as the  1/4-inch-diameter t es t  sect ion of t he  
stress-rupture specimens used i n  t h i s  investigation, s t ruc tu ra l  integrity would 
probably not be markedly affected by such depletion. 
temperature stress-rupture propert ies  obtained with t h i s  a l loy  would tend t o  bear 
out such an assumption. 

The excellent elevated- 

CONCLUDIN'G REMARKS 

On the  bas is  of t he  evaluations described, t he  8-percent-tantalum-modif fed 
a l loy  appears t o  have considerable poten t ia l  f o r  various aerospace applications, 
pa r t i cu la r ly  where good impact resistance,  high-temperature strength, at least 
l imited workability, and oxidation resis tance upon short-time exposure t o  a rea- 
sonably constant, high-temperature environment are  required. 

SUMMARY OF RESULTS 

The following r e s u l t s  were obtained from the  continued study of an advanced 
temperature NASA nickel-base a l loy  having the  following nominal composition i n  
weight percents: 8 tantalum, 6 chromium, 6 aluminum, 4 molybdenum, 4 tungsten, 
2.5 vanadium, 1 zirconium, 0.125 carbon, and balance nickel. 

1. Ultimate t e n s i l e  strengths of t he  as-forged alloy, ranging from 158,000 
p s i  a t  room temperature t o  18,000 p s i  a t  2100° F, were obtained. 
t o  ultimate strength values ranging from 135,000 t o  34,000 psi a t  room tempera- 
t u re  and 2100° F, respectively, for the  as-cast condition. 

These compared 

2. Stress-rupture data  for t he  as-cast  a l loy  indicated t h a t  average rupture 
l i v e s  of 1000, 100, and 10 hours can be obtained a t  1817O, 1915O, and 2015' I?, 
respectively, under a s t r e s s  of 15,000 psi .  

3. Impact t e s t s  provided evidence t h a t  t h i s  a l loy  has a considerable degree 
of duc t i l i t y .  I n  Izod impact t e s t s  with as-cast, unnotched specimens, impact 
res is tances  greater  than the  t e s t e r  capacity, 62.5 inch-pounds, were obtained. 
I n  Charpy impact t e s t s  a t  room temperature, an average impact res is tance of 
33 foot-pounds w a s  obtained with standard unnotched specimens. This was consid- 
erably higher than t h a t  of Nicrotung, a typical ,  strong, as-cast  nickel-base al- 
loy, but much l e s s  than t h a t  of Rene' 41, a completely wrought nickel-base alloy. 

4. Additional evidence of workability w a s  obtained with t h i s  alloy. Unidi- 
r ec t iona l  forging techniques a t  room temperature were used t o  obtain consistent 
thickness reductions of 50 percent with l/Z-inch-diameter as-cast bars. 

5. I n  oxidation t e s t s  a t  1900' F, r e l a t ive ly  low oxidation r a t e s  were ob- 
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tained, although spalling of the oxide scale was observed upon cooling through 
the 800° to 600°F range. 
6.5 milligrams per square centimeter for the NASA alloy after 50 and 200 hours, 
respectively. These are not excessive oxidation rates, particularly for short- 
time applications; however, spalling may pose a problem in applications where 
frequent temperature cycling occurs. 

The weight gain per unit surface area was 2.9 and 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio, January 11, 1963 
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TABLE 11. - TENSILE-TEST DATA 

Ultimate 
t e n s i l e  

strength, 
P s i  

Temper- 
ature, 

OF 

~~ 

Elonga- 
tion, 

percent 

Room 

173,400 
165,000 
136,600 

1800 

3.0 
3.0 
0 

1900 

2000 

2100 

Room 

1800 

1900 

2000 

2100 

133,700 
126,400 
143,500 

84,500 
75,700 

1.2 
9.5 
4.8 

7.2 
4.8 

54,400 
58,500 

50,900 
47,500 

~~ ~~~ 

29,700 26.8 
39,000 I 6.9 

61,000 1.5 
56,000 

49,100 
48,700 6.0 

42,400 4.0 
37,300 1 3.0 

20,600 I 6.0 
15,800 10.0 
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TABLE 111. - STRESS-RUPTURE DATA 

AT 15,000 PSI 
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TABLE V. - HARDNESS DATA 

Mo-4-W f 2.5V + 0.125C 

Mo-4-W f 8Ta + 2.- + 0.125C 

Mo-4-W f 8Ta -k 2.5V + 0.125C 

Condition 

A s  cast 

As cast 

A s  forged 

A v e r  age 
Ro ckwe 11 

71.0 

"Rockwell A r e s u l t s  are an average of at l e a s t  
three t e s t s .  Rockwell C values are converted 
from Rockwell A values. 
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(a) As cast. (b )  As forged. 

Figure 1. - Tensile-test specimens. 
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0 As cast 

Temperature, O F  

Figure 2. - Tensile properties of alloy Mo-4-W + 8Ta 
+ 2.5V + 0.125C as a function of test temperature. 
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Figure 3. - Comparison of ultimate tensile strengths of superalloys at room temperature and 1800' F. 
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1 1 inch  1 C - 63157 

Figure  6 .  - Typical  a l l o y  Mo-4-W + 8Ta + 2.5V + 0.125C bar s  
before  and a f t e r  forg ing  a t  room temperature .  Maximum 
reduct ion  i n  diameter shown i s  50 pe rcen t .  
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Figure 7 ,  - Weight gain per unit area as a function of time at 
1900° F for several nickel-base alloys. 
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( a )  As-cast. 

I 1 inch I C-63158 

(b)  As-forged (50 pe rcen t ) .  

Figure 8. - Macrostructure of a l l o y  No-4-W + 8Ta + 2.5V 
X3. + 0.125C i n  t h e  as-cast  and as-forged conditions.  
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X250 

1 inch I X7 50 C-63160 

(a) As-cast. 

Figure 9. - As-cast and as-forged microstructures of 
alloy Mo-4-W + 8Ta  + 2.5V + 0.125C. 
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X250 

1 1 inch I X750 C-63156 

(b) As-forged. 

Figure 9 .  - Concluded. As-cast and as-forged microstruc- 
tures of  a l loy  Mo-4-W + 8Ta + 2.5V + 0.125C. 
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I 1 inch I (c) Nicrotung . C - 63161 

Figure 10. - Concluded. Microstructure of oxida- 
tion test specimens in vicinity of exposed sur- 
face after ZOO-hour exposure at 1900' F. X750. 
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